Evolution of river delta is highly related to the deposition and re-suspension of sediments. At the interacting zone between fresh water of river discharge and seawater, suspended sediments concentration (SSC) varies sharply from a few mg/L to thousands of mg/L; thus, mapping the distribution of SSC will provide the basic information about sediments transportation. The high spatial resolution (30 m) and high revisit frequency (2 day) of CCD imager on board the Chinese environment-monitoring satellite constellation: HJ-1A and HJ-1B, enable an effective observation of the fine dynamics of suspended sediments. In this work, three intensive cruises in the flooding season and dry season of Yellow River were carried out to explore the SSC retrieval algorithms on the basis of HJ-1 CCD imageries. Quasi-simultaneous in-situ SSC data were collected with the pass of HJ-1 over the Yellow River Estuary and its vicinity waters, and a local empirical retrieval algorithm of SSC was established against the TOA (top of atmosphere) reflectance of HJ-1 CCD bands with the correction of Rayleigh scattering. This algorithm can be applied to very turbid waters with thousands of mg/L of SSC.
INTRODUCTION
Estuarine waters are often characterized by high concentrations of suspended sediments concentration (SSC) due to sediment resuspension and terrestrial inputs from the large rivers. SSC in coastal waters exhibits high dynamics with high concentrations that can vary sharply from a few mg/L to thousands of mg/L，which impacts the light distribution, the benthic ecosystem and the productivity of upper-layer phytoplankton. It is a fundamental work of knowing the distributions of SSC for exploring the sediments transportation. Thus, monitoring the dynamics of SSC is of importance. The high spatio-temporal variability, however, makes it difficult to quickly estimate SSC in estuarine waters by traditional field investigating methods. With the development in remote sensing techniques, using satellite imagery to monitor the water quality has been widely used and has become a popular topic in the field of coastal oceanography [1] .
Over the past decades, satellite ocean color data have been used to estimate the SSC in various coastal regions [2] , along with sensors like the Sea-viewing Wide Field-of-view Sensor (SeaWiFS), the Moderate Resolution Imaging Spectroradiometer (MODIS), and the Medium Resolution Imaging Spectrometer (MERIS). Meanwhile, landobservation-oriented sensors such as the Landsat series and Advanced Land Imager (ALI) have also been employed to assess the SSC. However, the low spatial resolution of ocean color sensors (e.g., the highest spatial resolution of MODIS is only 250 m) and the long revisit time of land-observation-oriented sensors (e.g., the revisit cycle of Landsat TM is 16 days) are still far below the demand for monitoring sediments variation in dynamic water bodies. The "environment and disaster monitoring and forecasting small satellite constellations" (HJ-1A/1B satellites), launched by China on September 6, 2008 , are equipped with two charge-coupled device (CCD) cameras with both mid-high spatial resolution and short revisit time (2 days). CCDs on both HJ-1A and HJ-1B satellite have 4 bands at visible and near infrared region (Band 1: 430-520 nm, Band 2: 520-600 nm, Band3: 630-690 nm, Band 4: 760-900 nm). Its nadir pixel resolution is about 30 m, and the view width is 360 km. The data collection time of this area is about 10:30 AM (local time). The HJ-1A/1B CCD may be a suitable tool to rapid and simultaneous assessment of SSC in estuarine waters.
In this study, we take the Yellow River Estuary as the field testing site. The Yellow River is the second largest river in China; it flows through Qinghai, Ningxia, Shanxi, Henan, the largest loess deposit area in the world, and finally enters into the Bohai Sea. Sediment discharge from the Yellow River to the sea is one of the world's largest input, which also makes the Yellow River become one of the most dominant land-based effects on the ecosystem of the Bohai Sea. The freshwater input and suspended sediments have not only sustained the morphology but also nourished the coastal zone because of large amount of nutrients released from the river. Understanding the tranport and deposition of suspended sediments is important for the assessment of coastal evolution. This work was conducted to develop regional SSC algorithms to map SSC using HJ-1A/HJ-1B CCD data in turbid estuarine waters and then give a presentation of seasonal distribution of SSC in the Yellow River Estuary. First of all, satellite images were preprocessed and atmospheric corrected to ground surface reflectance. Signal from molecule scattering and aerosol scattering strongly impacts ocean satellite observation, and the impacts need to be corrected. Two atmospheric correction methods, rayleigh scattering correction (RSC) and fast line-of-sight atmospheric analysis of spectral hypercubes (FLAASH), which have good performance in turbid water situation [3] , were used to retrieve the ground reflectance, rc R and FLAASH R (unitless).
DATA & METHDOS
In this work, HJ-1 CCD data were first correct by removing molecular scattering.
where * t L is the calibrated sensor radiance after adjustment for ozone and other gaseous absorption, 0 F is the extraterrestrial solar irradiance, 0 θ is the solar zenith angle at data acquisition time, and r R is the Rayleigh reflectance estimated with 6S [4] .
Further, FLAASH model was applied in order to wipe off the aerosol effect. And the aerosol model was set as maritime experientially.
(2) Where L is the radiance from the surface and travels directly into the sensor, FLAASH R is the pixel surface reflectance, e R is an average surface reflectance for the pixel and its surrounding region, S is the spherical albedo of the atmosphere, a L is the radiance scattered by the atmosphere, A and B are cofficients that depend on atmospheric and geometric conditions. A, B and a L are estimated from MODTRAN4.
Single-band and multi-band algorithms (e.g., band ratios) have been used in previous studies [5] [6] [7] . Several band (Fig.2) were tested to achieve the best SSC retrieval performance by polynomial, exponential and power fitting. 
3.

RESULTS & DISCUSSION
Red and infrared reflectance bands of water are usually sensitive to high SCC [6, 7] . Our study shows the similar results. As shown in Fig.1, band 3 and band 4 have higher correlation with SCC than band 1 and band 2. As shown in Fig. 3 , the single band or band ratios have good correlations (R 2 > 0.96) with SSC which were quasi-simultaneously sampled and measured with the overpass of HJ-1. The retrieval algorithm based on the polynomial regression of band 4 with SSC has the best performance, R 2 , 0.96 (Fig.2a, Fig.3 ).
Good linear correlations are observed between FLAASH R and rc R of band 4 (r>0.98) (Fig.4) and autumn (October), the SSC is low due to lower sediments input and lower wind-driven turbulence. SSC in winter turns out to be particularly high in a vast region in the Bohai Sea; especially in the north of Yellow River Delta and the north part of the Laizhou Bay, SSC in the offshore shallow area is higher than 200 mg/l despite the low concentration in the Yellow River. This situation in winter is highly correlated the wind stress and vertical mixing. What's more, there is an all year around low SSC area to the north of Yellow River estuary, which is likely due to the protection of the manmade bank and lower velocity of tidal current. It is reported that there is an amphidromic point which may keep the sediment of Yellow River discharge out of this region [8] .
SUMMARY
In this study, field investigations were carried out to measure the SSC in the Yellow River estuary with the over-fly of Chinese environment-monitoring satellite HJ-1. Regression models were established to retrieve SSC in the Yellow River estuary and its vicinity waters. HJ-1 images in four seasons were collected to retrieve SSC in this region, and they show different distribution patterns of SSC which are related to local circulations, wind and river runoff patterns. This work demonstrates that it is feasible to estimate SSC of very turbid coastal waters using HJ-1 CCD data.
